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INTRO DUCT ION 
L- Histidine is a very important amino acid and is widely distributed 
in living systems. ln the growth and multiplication of animal cells, it 
was found that L-histidine is one of the amino acids that must be present. 
From the kinetic studies of certain enzymes such as chymotrypsin and ribo-
nu c l ease, it has been propos ed that the imidazolyl group of the histidine 
r esi due may serve as the basic electro n donor , and that the histidine resi-
due in some cases may be the acti ve site of the en z·yme. The interactions 
of L-hi s tidine with h eavy met al ions, inclu ding Ni(II) (1), Zn (II) (1, 2), 
Fe (II) (1), Cu(II) (3, c:., 5 , 7, 9, 10) , Mn(II) (6), Cd(II ) (3, 4) and 
Co(II) (1, 11, 12), have been investigated. 
In recent years it ha s been found that molybdenum and FAD (Flavin 
ad enin e dinucl eoti de) or FMN (Flavin mononucleotide) are the active co -
factors in four redox enzymes, namely , xanthi ne oxidase (13), aldehyde 
oxidase (14), nitrate reductase (15) and hydrogenas e (16) . A trac e amount 
of molybd enum added to certain soils has resulted in spectacular plant 
growth (17). The exact function of this ca talytic process in the living 
cell remains unsolved. One reasonable mode for enzymatic reaction has 
been proposed in which molybdenum compl exes with the coenzyme FAD or FMN, 
or forms an activ e center with the enzym e itself which will activate the 
enzyme to promot e the biological reactions. Therefore , studies of the 
physical properti es of complex es of mol ybdenu m with biologically impor-
tant substances are one of the best ways to understand the mechanisms of 
the biological process es . 
Some complexes of mol ybdenum with ligands such as 8-hydroxyquinoline 
(18) , amino acids (19), me thylene blue (20), manitol (21), ATP (adenosine 
2 
triphosphate) (2 2) and EDTA (ethylenediaminetetraacetric acid) (23, 24), 
have been investigated. In this laboratory, a series of complexes of 
molybdenum with riboflavin, FMN (25), 8-hydroxyquinoline-5-sulfonic aci d 
(26), sugars and polyhydroxy alcohols (27), and cysteine (28) have been 
studied quantitatively. The mechanism of reduction of nitrate and ni-
trite by molybdenum (V) has also been investigated. 
The quantitative studies of the interaction of molybdenum ions with 
L-histidine may contribute to a better understa nding of the role of moly-
bdenum in enzyme activity. 
3 
REVIEW OF LITERATURE 
Complexing tendencies of L-histidine and its biological importance 
L-histidine ( o{ -amino-~ (-4-imidazolyl)-propionic acid) is one of 
the hydrolysis products of many proteins and can be isolated from blood 
corpuscles by a method of electrical transport (30) or by precipitation 
with mercuric chloride (31). Hemoglobin, present in blood as a trans-
port agent for oxygen, contains 35 histidine residues per molecule. It 
has been propos ed that the nature of the amino acid groups in native glo-
bin that are involved in its linkage to heme(ferrous complex of porphyrin) 
include the imidazolyl group of the histidine side chains. Hemoglobin 
combines reversibly with molecular oxygen to form oxyhemoglobin, the mode 
of linkage may be written as show n : 
N"' /N 
Globin --Fe-- 0 o 
N/ "'N 
The ferrous ion is probably bonded through an imidazolyl group of a his-
tidine residue to the globin. Myoglobins and other globins also have this 
property. 
Cytochrome c, a very important biological electron transport agent, 
is pres ent in the mitochondria of living cells. The structure has been 
determined and the active part of cytochrome c found in beef is: 
NH2 
I 
--Val--Glu--Lys - - Cys--~-, A 1 1 
[Porph½:j cLNH2 
-Lys --Glu--Thr- .-His -c/. I . 
NH2 
4 
Cytochrom e c contains thr ee or four histidine residues, and it is probable 
that the imidazolyl groups of t wo of these are linked to th e iron to form 
a hemochromogen (32) . The dif ferences between hemoglobin and cytochrome 
care: (1) cytochrome c do es not react with oxygen, carbon monoxide, or 
cyanide anion, while hemoglobin do es; (2) th e ir on of cytochrome c under-
goes a reversible valence change during its physiological function, but 
ferrous ion in hemoglobin remains unchanged. 
Recently, considerable wor k have been don e by Hirs . et al. (33, 34), 
Korman et al. (35), Stein et al. (36) an d Moore et a l . (37) to eluci date 
the structure and the active sites of ribonucle as e. It has been deter-
mined that ribonucleas e contains 124 amino acid residues, in which two of 
the four histidine residu e s ar e in the positions 12 and 119 (the first 
position is the N-terminal lysinyl group an d the 124th position is th e 
C-terminal valinyl group). From the inactivation studies of ribonuclea se, 
Moore and St e in (36, 37) suggested that the imidazolyl groups of histi-
dine residues both at positions 12 and 119 are t he active sites of ribonu-
o 
clease, and thes e two groups were estimated to be approximately 5 A apart 
in the active sites of th e enzyme. But the exact mecha nism of action of 
th ese enzymes n ee ds mor e investigation. 
From the ch emical point of view, the histidine residue in protein 
possesses an additional coordination group imidazolyl group as compared 
to the ordinary amino acids. The natur e of coordination of the imidazole 
group with hydrogen atom (hydrogen bonding), hydrogen ions and heavy metal 
ions becomes very important for the study of enzyme activity. 
The dissociation constants of histidine were first determined by Kirk 
et al. in 1929 (38) who found them to be pK
1 






= 9 . 17 (-NH3). The complex of histidine with Co(II) 
5 
as a reversible oxygen carrier was first investigated by Burk and Hearon 
in 1946 (12). The physical properties of the complexes and the interpre-
tation of the data have been reported by Hearon (1, 39, 40). From th e 
magnetic moment measurements, the structure of Co(ll) (Hist)
2 
has been 
proposed to be tetrahedral and the oxy-Co(ll)(Hist)
2 
complex has comple-
tely covalent octahedral bonding. 
It has been shown (1) that only the complex Co(Il)(Hist) 2 combi nes 
reversibly with molecular oxygen and that chelates of Cu(II), Fe(II), 
Ni(ll) and Mn(ll) with histidine do not have this property. The cupric 
and nickelous derivatives are unchanged in the presence of oxygen, while 
the Fe(II) and Mn(ll) derivatives were rapidly and irreversibly oxidized. 
The Mn(II)-histidine complexes were investigated later by Mellor and 
Maley (41), Kroll (42), and Cohn (6). L-Histidine has been used for the 
separation of lanthanides by Vickery (43), and stable complexes of histi-
dine with La(III) at pH 8.4 and Ce(III) in acidic medium were found by 
Bamann (44). The composition and stabilities of complexes of L-histidine 
with Ni(II) (1, 45, 49), Cu(II) (3, 4, 5, 7, 9, 10), Zn(II) (1, 2, 5~ 45, 
46), Cd(Il) (3, 4, 45, 46), Pd(II) (45) and Mg(II) (48) have been throughly 
investigated. 
Histidine contains four different functional groups which are poten-
tial sites of coordination with metal ions. They are the carboxylate 
group, the uncharged amino group, the "pyrole" (3 position) nitrogen and 
the "pyridine" (1 position) nitrogen atoms of the imidazole ring of the 
molecule. Both bidentate and tridentate histidine complexes have been 
found (1, 48). 
The formation constants of histidine-metal complexes are much greater 
than the corresponding complexes of ordinary amino acids such as glycine, 
6 
leucine or isoleucine. This suggests that the structure of histidine com-
plexes is different from the complexes of ordinary amino acids. 
From spectral evidence, Edsall et al. (5) have shown that the amino 
and imidazole groups are the chelating sites of the Cu(II)-histidine com-
plex. Li , et al. (3, 4) have shown that by comparison of the results ob-
tained from the ion exchange method on the difference in stability of his-
tidine and histidine ester complexes that the predominent binding sites 
~+ 
in histidine for Cu(II), Ni(II) and uo2 are the imidazole and amino 
groups. However, Cohn and Townsend (6) suggested that Mn(II) tends to 
combine with the carboxyl and imidazole groups of histidine. By compar-
ing the formation constants of Cd(II) and Cu(II) complexes of imidazole 
and 1-methyl imidazole, it was found that the binding site in the imida-
zole ring is the pyridine nitrogen rather than the pyrole nitrogen (3). 
From the potentiometric studies, it nas been shown by Laberman and 
Rabin (7, 8) that complexes of histidine with Cu(II) differ from those 
with Zn(II), Co(II) and Ni(II), when th e molar ratio of histidine to Cu(II) 
was unity. An additional equivalent of alkali was required to titrate all 
the acid species present in aqueous solution over that required when the 
ligand to Cu(II) ratio was two or when Cu(II) was absent. The dissocia-
tion of this extra hydrogen ion was assumed to take place from a water 
molecule coordinated to the Cu(II) atom of the Cu(II)-histidine complex. 
The proton magnetic resonance spectra studies of the Ni(II)-histi-
dine complex (49) showed that the structure of the complex agreed with 
that predicted by Li(4) and Edsall (5). A proton magnetic resonance 
study of structures of Co(II)-histidine complexes has been made by Mc-
Donald and Phillips (48). They found the composition and the structure 
of the complex differed as the pH was changed. From pH 1.0 to 3.5, the 
7 
carboxylate group was involved in coordination with Co(II) and a 1:1 
complex was formed. In the pH 4.5 to 10.5, histidine acts as a triden-
tate ligand and the complexes were found to have a ratio of histidine to 
Co(II) of 1:1 and 2:1 (above pH 5.0). At pH above 11.5, the complex is 
the tetrahedral 2:1 histidine-Co(II) complex in which 1 nitrogen of the 
imidazole ring and the amino group of histidine bind to Co(II). 
From X-ray and magnetic studies, Cotton et al. (SO, 51, 52) have 
shown that the solid zinc-histidine chelate is tetrahedral and the coor-
dinate binding between zinc an d th e carboxyl group is absent, since the 
amino group is more basic than carboxyl group. 
Complexing tendenci es of molybdenum 
Molybdenum (VI) and molybdenum (V) ex ist as oxyanions in aqueous sol-
utions. The species of molybd enum is very complicated and largely depends 
on the pH of th e solution. It was reported by Sacco ni and Cici (53) that 
molybdenum (V) exists as a monomer in gre a ter than 7.5 N hydrochloric 
acid and as a dimer in 2.5 N hydrochloric acid. The molybdenum (VI) in 
2-alkaline solution exists in the form of monomolybdate Mo04 an d on acidi-
fication polynuclear complexes are formed (54). From the pH and conducto-
metric titration curves, Cannon (55) claims that in the pH range 5.5 to 
2.5, tetramolybdate Mo4o1~- is the major polyanion. At the same time, 
Richardson (56) also obtained the same results for low concentration of 
molybdates ions (0.292-0.0023 M/1) but at higher concentration, he found 
6-
that a paramolybdate Mo7o24 was formed and initially an ion of higher 
degree of polymerization. On the other hand, from the X-ray crystallo-
6-
graphic measurements, Lindqvist found that Mo7o24 





the crystal and also from spectrophotometric studies he found evidence 
8 
for these ions in solutions (57, 58). The equilibrium constant between 
2- 6-Mo04 and Mo
7
o has been deduced by Sillen et al. (59). Recently, from 
24 
Raman spectra and ultracentrifugation studies, Johnson et al. (60) con-
cluded that on acidification of sodium molybdate solutions at appreciable 
concentrations, the first important species formed is the heptamer, 
Mo702




~- forms, and two mono-
meric species HM04 and H2
Mo0
4 
were proposed to be present in significant 
amounts in dilute solutions. 
The determination of the actural species of molybdenum involved in 
complex formation is very difficult. It has been suggested that the struc-
tures of the EDTA-molybdenum complex involve two oxygen atoms in the moly-
bdenum (V) complex and three oxygen atoms in the molybdenum (VI) complex 
(23), but from the complexity of the species of molybdenum itself (below 
pH 6), this simplest model may not be the true picture. 
Although the exact species of molybdenum remains unsolved, a number 
of molybdenum complexes with inorganic and organic ligands have been re-
ported since 1913 (61), but only a few complexes have been studied quan-
titatively. Among these complexes, the ligands can be thio compounds 
(62), cJ. -hydroxy acids (63), halogens (64), polyhydroxy compounds (65) 
and amines (66). These ligands have electrons to share, and their donar 
atoms are: sulfur, oxygen, chlorine, fluorine (67), nitrogen and phos-
phorous. Most of the ligands contain nitrogen and oxygen. 
The interaction of mannitol with molybdenum was studied by Tanret 
(68) Rimbach (69), and Frey (70). Lately, Richardson (65) studied com-
plex formation between molybdenum and erythritol, gluconic, galatonic 
and arabonic acids and found four or more hydroxyl groups on adjacent 
carbon atoms are required. The complexes of sugars, sugar alcohols and 
9 
polyhydroxy alcohols have been investigated by Bourn et al. (71) and 
Spence et al. (27), who found at least three adjacent hydroxyl groups 
are required. The complexes of molybdenum with cysteine and its deri-
vatives (28), and with 8-hydroxyquinoline-5-sulfonic acid (26) have 
also been studied by Spence et al. 
Biological importance of molybdenum 
It has been found that molybdenum is a very important element in 
living systems (72). Bray and Berger (73) reported four kinds of enzymes, 
namely, aldehyde oxidase, xanthine oxidase, nitrate reductase and hydro-
genase, contain molybdenum as the inorganic cofacter of the flavinprotein. 
Molybdenum could be attached to the protein part (apoenzyme) of these 
enzymes or to the coenzyme, FAD or FMN. Both molybdenum and FAD or FMN 
may serve as the electron carriers for the enzyme reactions. It was ob-
served when molybdenum was removed from these four enzymes, the enzyme 
activities were diminished. Nicholas and Stevens (74) have shown that 
molybdenum (V) undergoes a valence change to molybdenum (VI) in the 
presence of nitrate reductase and nitrate, but in the absence of nitrate 
reductase they found nitrate could not be reduced by molybdenum (V). 
From the electron paramagnetic resonance spectra studies of xanthine 
oxidase, Bray et al. (75) concluded that the iron of the enzyme is always 
in the ferrous state, and that the molybdenum is reduced from oxidation 
state (VI) to (V), and free radicals are formed when the substrate is 
added to the active enzyme. Recently, the behaviour of half reduced 
riboflavin and FMN have been studied by Mitchell and Williams (76) and 
Hemmerich (77). It has been found that metals ions including molybdenum 
combine with the flavin semiquinone anion, forming radical chelates. The 
10 
reaction mechanisms of nitrate and nitrite reductions in the presence of 
FMN by molybdenum (V) have been investigated by Spence and Frank (29). 
The above data led investigators to postulate that molybdenum functions 
in the enzyme as part of a complex. 
Blum and Chambers (22) investigated the interaction of ATP (adenine 
triphosphate) with molybdate and concluded that a complex was formed but 
the complex needs more study. From titration studies, Albert (2), found 
riboflavin forms a stable complex with many metal ions. The complexes 
of molybdenum (VI) and molybdenum (V) with riboflavin and FMN have been 
studied by Spence and Tocatlian (25), and a very strong 2:1 complex of 
molybdenum (VI) with riboflavin was observed; however, FMN was found 
also to catalyse the oxidation of molybdenum (V). 
PMR spectra of some metal complexes 
High resolution proton nuclear magnetic resonance (p.m.r.) spec-
troscopy has proved to be very useful in determination of the structure 
of a variety of substances in aqueous solutions. In recent experiments, 
it has been applied to the study of the binding sites of complexes of 
some amino acids and peptides, with Cd(II) and Cu(II) (78), paramagne-
tic Ni(II) complexes with ethylenediamine and 1-histidine (50), para-
magnetic Co(II) ion with histidine (49), metal EDTA complexes (79), 
and molybdenum (VI) with EDTA, methyliminodiacetic acid and nitrilo-
triacetic acid (24), and some other types of complexes (80, 81). The 
results give more detailed information about the structure and are in 
good agreement with structures predicted by other methods. To date, 
however, no p.m.r. studies have been reported on the molybdenum (VI)-
histidine system. It seemed appropriate to use this powerful tool in 




Molybdenum(VI). Sodium molybdate (Baker and Adamson reagent grade, 
minimum 99.5 percent) was dried 24 hours at 110°C. The purity was deter-
mined to be 99.7 percent by the ol.-benzoinoxime method (82). A 5.00 X 
10- 2 M standard solution was prepared for polarimetric studies. 
Molybdenum(V). The molybdenum(V) used in this work was prepared 
by reducing molybdenum(VI) by the method of Furman and Murr ay (83) . A 
sample of dried sodium molybdate was dissolved in 3 N hydrochloric acid. 
The solution was transferred to a reductor bottle containing mercury and 
shaken with a mechanical shaker for at least twenty minutes. The mercury 
reduces quantitatively the molybdenum(VI) to molybdenum(V) in the 3 N 
hydrochloric acid solution. The molybdenum(V) was then decanted from the 
reductor bottle and filtered. Molybdenum(V) in 3 N hydrochloric acid 
solution is slowly oxidized by air. Therefore, the molybd enum(V) solu -
tion was stored in a tightly stoppered flask containing some mercury. 
Before use, the solution was again shaken for twenty minut es and filtered. 
The concentration of molybdenum(V) was determined by titration with stan-
dard eerie sulfate using ferroin(o-phenanthroline) as indicator (84). 
Complexing agents. L-Histidine, L-histidine methyl ester, N- acetyl-
1-histidine and L-alanine were purchased from Nutritional Biochemicals 
Corporation. L-Histidine was recrystalized twice from 95 percent ethanol 
and the other compounds were used without further purification. The 
-2 
5.00 X 10 M standard stock solutions of these four reagents were pre-
pared for polarimetric studies. 
12 
Buffer solutions. The 0.5 M acetate buffer and 0.5 M phosphate 
buffer solutions were used for the spectrophotometric studies of molyb-
denum(V). The sodium acetate, sodium hydroxide, sodium phosphate and 
hydrochloric acid solutions used were prepared from reagent grade chem-
icals. 
Deuterium oxide. o2o (99.5 percent deuterium), purchased from Nichem 
Incorporated, was used for the p.m.r. studies. 
Sample preparation 
The sample solutions of molybdenum(VI)-L-histidine and molybdenum(VI)-
L-histidine derivatives were prepared by pipetting the desired amounts of 
molybdate stock solution and stock solutions of complexing agents into a 
volumatric flask. The pH of the solution was adjusted by adding hydro-
chloric acid or sodium hydroxide solution. The solution was diluted to 
the mark and the pH of the solution was measured again. 
Since molybdenum(V) is easily oxidized by the oxygen of the air un-
less kept in solutions 1 Mor stronger in hydrochloric acid, it was nec-
essary to use a spectrophotometric cell which could be evacuated for mea-
surements of absorption spectra. A silica cell was joined to a specially 
constructed vessel. The proper amount of L-histidine and buffer were added 
to the vessel under helium, and the gas was allowed to flow at least thirty 
minutes to remove oxygen. The right amount of molybdenum(V) (in 3 N HCl) 
was then added to the oxygen free solution. A sample was drawn off into 
the evacuated cell by means of a stopcock and the closed cell removed 
from the vessel and placed in the spectrophotometer for absorption mea-
surements. For the kinetic studies of molybdenum(V), and molybdenum(V)-
L-histidine, all solutions were first saturated with oxygen and were 
then kept in a constant temperature bath at 20:0~0.1°C for at least 
13 
one hour before the addition of molybd enum(V) solution (in 3 N HCl). 
For the proton magnetic resonanc e studies, the sample solutions were 
'pre pared by weighing the suitable amounts of sodium molybdate and L-histi-
dine and then dissolving them in D20 (99.5 percent). The pH of the solu-
tion was initially adjusted to around 6.5 until all of the reagents were 
dissolved and the pH of the solutions was then adjusted to the desired 
value with concentrated HCl or saturated NaOH in D2o. 
Instrumentation 
The following instruments were used in this work: A Beckman expan-
ded scale pH meter, model 76, was used for most pH measurements; it was 
0 
corrected using a standard Beck.man buffer solution, pH 7.02 at 20.0 C. 
A Leeds and Northrup pH meter, model 7401, was used for some of the pH 
measurements; it was corrected using a standard Leed's buffer solution, 
pH 6.86 at 20.0° C. 
A Rudolph polarimeter, model 80, with oscillating polarizer, quartz 
optics and photometer was used for all of the optical rotation measure-
ments. This instrument reads to ±o.OOl degrees of arc, and th e preci-
sion is of the order *0.003 degrees of arc. A zirconium concentrated 
arc lamp was used as light source. The beam was passed through a Beck -
man model DU monochrometer to give selective monochromatic light. A 
20.0 cm. length quartz tube was used for all of the measurements. 
A Carry model 15 spectrophotometer was used for a general investi-
gation of spectra of molybdenum(V) , L-histidine and molybdenum(V) L-
histidine complexes. For accurate kinetic and continuous variations 
studies a Beckman model DU spectrophotometer with photomultiplier attach-
ment was used. A constant temperature jacket was installed on the cell 
compartment of the Beck.man instrument which resulted in good temperature 
14 
control. 
The proton nuclear magnetic resonance spectra were recorded with a 
Varian model A-60 high resolution spectrometer, equipped with a 60 Mc. 
oscillator. A 6 percent tetramethylsilane solution in chloform was 
used as an external reference for all of the chemical shifts measurements. 
-±-The accuracy in measuring the peak position was estimated to be 0.5 c.p.s. 
for sharp peaks . 
Method 
A modification of Job's continuous variations method (85) was used 
in this work to obtain the ratio of molybdenum(VI) to L-histidine and its 
derivatives in the complex. In this method the sum of the concentrations 
of metal ion and complexing agent is kept constant and a series of solu-
tions in which the mole fraction of metal ion is varied from 0.0 to 1.0 
are prepared. Considering the formation of a complex ML , where Mis n 
the metal ion and Lis a complexing agent: 
At equilibrium, 
K. = ins. 
where [ J represents activities, approximately equal to concentration. 
Let 
where f is the molar fraction of ligand in the mixture, Lt is the total 
concentration of ligand, Mt is the total concentration of metal ion and 
C is the total concentration of both metal ion and ligand (constant), 
then, 
[L] = Lt - n [ Ml,J = f C - n [ filaj 
[M) = Mt- [filaj = (1-f)C - ~Ln] 
K [MI,~ = f 1-f)C - ~n]J { fC - n ~n]} 
K d IMLo) = {fc - n [filn] } n { -c - d [MI,J } 
df df 
+ {(1-f)C - [filaj} { C - n d ~n1} n {fc 
For a maximum concentration of MI,n' mathematically should _d_U_M_L~vJ __ 
df 
this reduces to: 
and 
therefore 
fC - n [filJ = 0 
(1-f) C - ~LJ = 0 
n = f / (1-f) 
15 
-n [filn]} n-1 
= 0 
In other words, for a constant total concentration of metal ion and com-
plexing agent, the concentration of complex is greatest when the metal 
ion and complexing agent are brought together in the ratios in which they 
exist in the complex. Therefore, the optical rotation of the samples was 
plotted against the ratio metal , and the maximum optical rota-
metal + ligand 
tion was obtained when the sample has the same ratio of metal ion to li-
gand as the complex. 
Structural formulas 
L-Histidine 
1-Histidine methyl ester 
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RESULTS AND DISCUSSION 
Polarimetric studies 
I. Evidence of Complex Formation Between Molybdenum(VI) and L-Histi-
dine;--1-Histidine exists in four different species in solution depend-




L+, ing upon t e p . ese our species are esignate 
HL± and 1-, the relative concentrations of these four species at acer-
tain pH value can be determined from the known dissociation constants 
(38). 
H 1 2+ +HO= Ho++ H L+ 









o+ + 1- (3) pK3 = 9.18 
The optical rotation is related to the species of 1-histidine present 
in the solution and the effect of pH on the optical rotation of 1-histi-
dine and molybdenurn(VI)-1-histidine complexes is shown in Figures 1, 2 
and 3 and the data is given in Table 1. 1-histidine itself in solution 
serves as a buffer, and the pH was adjusted by adding hydrochloric acid 
or sodium hydroxide solution. In the mixture of molybdenum (VI) · and 
1-histidine it was found that when the pH was lower than 3.5 a white 
colloidal material was formed, which redissolved at pH 0.90. The preci-
pitate was collected at pH 1.50 and analyzed, but no stoichiometric 
ratio was found. 
Figure 1 shows the optical rotatory dispersion curves of 1-histidine 
and molybdenum(VI)-1-histidine at pH 6.00, 5.50 and 5.00. The optical 
rotations are greatly increased in the presence of molybdenum(VI) which 
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Molar ratio of L-histidine to molybdenum(VI) 
(a) 1.00 X 10-2 ML-histidine 
(b) 1.00 X 10- 2 ML-histidine+ 5.00 X 10-3 M Mo(VI) 
(c) 1.00 X 10- 2 ML-histidine+ 1.00 X 10- 2 M Mo(VI) 
(d) 5.00 X 10- 3 ML-histidine 
(e) 5.00 X 10- 3 ML-histidine+ 5.00 X 10- 3 M Mo(VI) 
Length of tube 20.0 cm. 








(X : the optical rotation of complex minus the optical rotation of L-
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Figure 2. Effect of pH on the optical rotation 
molybdenum(VI)-L-histidine complex. 
G) 1.00 X 10- 2 M [Mo(VI)] + 1.00 X 10- 2 M 
(y 5.00 X 10- 3 M [Mo(VI~ + 1.00 X 10- 2 M 
G) 5.00 X 10- 3 M [Mo(VI)] + 5.00 X 10- 3 M 
@ 1.00 X 10- 2 M [HistJ 
G) 5 .00 X 10- 3 M G:iist J 
0 
?\=360 mu; 25 C. Length of tube 20.0 cm. 
20 
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(1) 1.00 X l0- 2M ~o(VI~ + 1.00 
X l0- 2M [Hist] 
(2) 5.00 X 10-3M ]Mo(VI~ + 1.00 
X l0- 2M ~istf and 
(3) 5.00 X 10-3M JMo(VI~ + 5.00 
X 10-3M ~istf 
360 mu; 25.o0 c. 
Length of tube 20.0 cm. 
6.0 7.0 8.6 
pH 
Figure 3. Effect of pH on the corrected optical rotation of 
molybdenum (VI)-1-histidine complex. 
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suitable pH range. Figure 3 shows the pH effect on the optical rota-
tion at 360 mu. It was found that the optimum pH values at the concen-
tration ratio 1 : 1 and 1 : 2 of molybdenum(VI) to L-histidine were 5.65 
and 5.36, respectively. The optical rotations of these two mixtures are 
nearly the same and very small at pH 4.50. At pH 5.00, the optical rota-
tions of the two mixtures increased about four times but were still very 
close to each other. Above pH 5.50, the optical rotation of the 1.00 X 
10- 2 M mixture is nearly twice as large as the mixture of 5.00 X 10- 3 
M molybdenum(VI) and 1.00 X 10- 2 ML-histidine. 
The above analysis suggested that at different pH values complexes 
' 
may exist in different ratios and the complexing species may perhaps be 
different. 
II. Composition of the Complexes:--The compositions of the complexes 
were determined by a modification of Job's method (85). The continuous 
variations plots of molybdenum(VI)-L-histidine at pH 7.00, 6 . 00, 5.00 
and 4.50 are shown in Figures 4, 5, 6 and 7, respectively, ( cJ... represents 
the degree of optical rotation of complex minus the degree of optical ro-
tation of L-histidine in the solution). The experimental data are given 
in Tables 2-5. 
-2 
The total concentrations were held at 2.00 X 10 Mand 
-2 1.00 X 10 M. From pH 6.0 to 7.0, the rather sharp maxima occur at the 
ratio of 0.5. This means a 1 : 1 complex of molybdenum(VI)-1-histidine 
is found. But at pH 5.00, the maximum is at the ratio 0.35 and at pH 
4.50, the maximum is shifted to 0.22. At pH 5.00 the ratio of molyb-
denum(VI)to L-histidine of the major complex is probably 1 : 2 and at 
pH 4.50 the ratio of molybdenum(VI) to L-histidine is 1: 3-4. 
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Table 2. Continuous variations method for 1-histidine-molybdenum(VI) 
complex at pH 7.00. 
Mole fraction 
of Mo(VI) {ct 2 Degrees of arc 
Mo(VI)-1-histidine corrected (X 
complex 1-histidine for complex 
0.0 -0.694 -0.694 0.000 
0.1 -0.568 -0.625 0.057 
0.2 -0.453 -0.555 0.102 
0.3 -0.338 -0.486 0.148 
0.4 -0.243 -0.416 0.173 
0.5 -0 .170 -0.347 0.177 
0.6 -0.106 -0.278 0.172 
0.7 -0.043 -0.208 0.165 
0.8 -0.019 -0.139 G.120 
0.9 9.004 -0.069 0.073 
1.0 0.002 0.000 0.002 
Total concentration of 1-histidine and molybdenum(VI) = 2.00 X 10- 2 M. 
Length of tube 20.0 cm. 

























Total concentration of histidine 
and Mo(VI) is 2.00 X 10- 2M. 
Wavelength 360 mu. 
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Table 3. Continuous variations method for L-histidine-molybdenum(VI) 
complex at pH 6.00. 
Mole 
of 
-2 (a) Total concentration 1.00 X 10 M. 
fraction 
Mo(VI) {Dt2 Degrees of arc 
Mo(VI)-L-histidine 
complex L-histidine 
0.0 -0.151 -0.151 
0.1 -0.049 -0.136 
0.2 0.037 -0.121 
0.3 0.091 -0.106 
0.4 0.137 -0.091 
0.5 0.158 -0.076 
0.6 0.162 -0.060 
0.7 0.133 -0.045 
0.8 0.088 -0.030 
0.9 0.059 -0.015 
1.0 0.002 0 . 000 
(b) Total concentration 2.00 X 10- 2 M. 
0.0 





























Length of tube 20.0 cm. 
































































0.0 0.2 0.4 0.6 0.8 
Mole fraction of Mo(VI) 
Figure 5. Continuous variations plot of molybdenum(VI)-1-his-
tidine complex at pH 6.00, 25.0°C. 
Total concentration of Mo(VI) and histidine for (1) 
and (2) is 2.00 X 10- 2M and for (3) and (4) is 1.00 





Table 4. Continuous variations method for L-histidine-molybdenum(VI) 
complex at pH 5.00. 
(a) Total concentration 1.00 X 10- 2 M. 
Mole fraction 























0 . 9 
Length of tube 20.0 cm. 
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0.045 
0 . 033 







































Total concentration of Mo(VI) and 
L-histidi~~ for (1) and (2) is 
2.00 X 10 M•(3) and (4) is 1.00 
X 10- 2M. Wa;elength 360 mu. 









0.0 0.2 0.4 0.6 0.8 
Mole fraction of Mo(VI) 
Figure 6. Continuous variations plot of molybdenum(VI)-L-histidine 
















Table 5. Continuous variations method for L-histidine-molybdenum(VI) 
complex at pH 4.50. 
Mole fraction 
of Mo(VI) {Ol2 Degrees of arc 
Mo(VI)-1-histidine 
complex L-histidine 
0.0 0.170 0.170 
0 . 1 0.322 0.153 
0.2 0.337 0.136 
0.3 0.302 0.119 
0.4 0.265 0.102 
0.5 0.206 0.085 
0.6 0.134 0.067 
0.7 0.106 0.051 
0.8 0.049 0.034 
0.9 0.009 0.017 
1.0 -0.028 0.000 
Total concentration of L-histidine and molybdenum(VI) 
Length of tube 20 . 0 cm. 
Wavelength 360 mu. 



































0.0 0.2 0.4 0.6 0.8 1.0 
Mole fraction of Mo(VI) 
Figure 7. Continuous variations plot of molybdenum(VI)-1-
histidine complex at pH 4.50, 2S.o 0 c. 
Concentration of Mo(VI) and histidine:2.00 X 10- 2M. 
Wavelength 360 mu. Length of tube 20.0 cm. 
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The degree of optical rotation of molybdenum(VI)-L-histidine complex 
at pH 4.5 to 5.0 is much smaller than at pH 5.5, this is probably due 
to the fact that only the monomer of molybdenum(VI) forms a complex 
with ligand arid at pH lower than 5.5, a higher polymer of molybdenum 
(VI) is formed (55, 56, 57), and also due to the presence of different 
complexing species of L-histidine at different pH values. 
III. Binding Sites Determination:--1-Histidine may complex with many 
metal ions as a trid entate or bidentate (1, 49) ligand. In most cases, 
the chelation of the carboxyl group is rather weak, and especially when 
the center met a l ion is large, it is more likely a bidentate complex. 
There are three possibilities for chelation: (1) the amion and the nitro-
gen of the imidazole ring groups, (2) the amino and the carboxyl groups, 
and (3) the carboxyl and the nitrogen of the imidazolyl ring groups. In 
order to determine which functional groups of L-histidine are involved in 
complex formation, it was necessary to determine if complex formation 
between molybdenum(VI) and L-histidine derivatives occurred. The exper-
iments with L-alanine and N-acetyl-L-histidine, which gave no evidence 
of complex formation, rule out the second and third possibility. In 
studying complex formation between molybdenum(VI) and L-histidine methyl 
ester in the same way as molybdenum(VI)-1-histidine system, very similar 
results were obtained. From this information the groups of L-histidine 
most probably involved in complex formation in the pH range 5.5-7.0 are 
the amino group and the nitrogen of the imidazolyl ring. This is in 
good agreement with Co(II), Cu(II), Ni(Il) and Fe(ll)-histidine com-
plexes which have been studied. But at pH 5.0 or below, since [L-J 
-6 r_'l',J [*J is very small (in the order of 10 LL , wherel!-, is the total 
concentration of uncomplexed histidine in solution,) the probable complex-
ing species is [HL t] . 
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IV. Apparent Fonnation Constants Of Molybdenum(VI)-1-Histidine Com-
plexes:--The formation constants of molybdenum(VI)-1-histidine complexes 
at pH 5.00 (1 : 2 complex) and at pH 6.00 (1 : 1 complex) were calcula-
ted from the continuous variations plots (Figures 5 and 6) in the follow-
ing way: the linear part of the curve from mole fraction Mo(VI) = 0.0 
to mole fraction Mo(VI) = 0.1 was extended until it intersected a verti-
cal line drawn through mole fraction Mo(VI) = 0.30 for 1 : 2 complex and 
Mo(VI) = 0.5 for 1 : 1 complex. The optical rotations corresponding to 
these points are the hypothetical optical rotations, CXm, the complexes 
would have if they were completely undissociated (for 1 : 2 complex 
this is an approximate assumption), then the concentration of complex, 
(c), at those mole fraction is given by: 
C C Mt (4) 
m 
where fX is the actual degree of optical rotation and Mt is the total 





is obtained from 
[M) 
concentration 
H 1 2+ + H L + = 3 2 
= Lt - n [c) 
-- M -t [c] 
of uncombined 
+ -+ H 1- + L 
(5) 
ligand, ('L *)' where 
is obtained from 
(6) 
where Lt is the total ligand concentration in solution and n = 1, or 
2 for 1 : 1 and 1 : 2 complexes, respectively. The concentration of the 
complexing species of the free ligand, 1-, at pH 6.00 was calculated 
from the known dissociation constants as following: 
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(A) at pH 6.00 
[i] K3 6.61 X 10-10 6;61 X 10~4 
[HL1) 
= 0 = 10- 6 1.00 X 




= 10-6 = 1.00 X 
[H2L 1j Kl 1.70 X 10- 2 i:70 X 10- 4 
[H3L2j ur4 1.00 X 10- 6 
Therefore, [L"<] I'!!! [HLtJ + [H2L +J = 1. 794 [H2LJ 
[L-J K2K3 [H2L1 2.93 X 10-
4 r ,'(] = LL 
[H+] 
The apparent formation constant is obtained from: 
[c] 
Kf = _(_M__,),-=..::...::[:,,...L---:J -
By using a successive approximation method the apparent formation con-
2 -2 stants at total concentrations of 1.00 X 10- Mand 2.00 X 10 M were 
5 5 
calculated to be 8 . 04 X 10 and 6 . 43 X 10, respectively. 
(B) at pH 5.00, the probable complexing species is (HL±J 
[L -J -6 rL,'<] = 4.86 X 10 L 
[ HL -±-J = 7 . 3 6 X 10 - 2 [ L '~ 
The apparent formation constant is calculated by 
(c] 
2 -2 
and for total concentrations of 1.00 X 10- Mand 2.00 X 10 M were 
7 7 
found to be 5.74 X 10 and 4.67 X 10, respectively. It was observed 
the lower the concentration the higher the formation constants became. 
This is probably due to the fact that at higher concentration molyb-
denum(VI) is more polymerized and the activity of the complexing 
species will be reduced by the interaction of the electrolytes in 
solution. 
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V. Complex Formation of L-Histidine Methyl Ester:--The optical rota-
tory dispersion curves of L-histidine methyl ester and molybdenum(VI)-
L-histidine methyl ester are very similar to the molybdenum(VI)-L-
histidine systems as shown in Figure 8. The effect of pH on the optical 
rotation of L-histidine methyl estee and its molybdenum(VI) complex is 
shown in Figure 9, and Table 6. The shape of the curve of the complex 
is very nearly the same as the histidine complex and has the optimum 
pH at 5.65. This suggests that the two complexes may have similar 
structures . 
The continuous variations plots at pH 6.00 and 5.50 are shown in 
Figures 10 and 11, respectively, and the experimental data are given in 
Tables 7 and 8. In the pH range 5.5 to 7.0, only a 1 : 1 complex was 
observed. The dissociation constants of L-histidine methyl ester are K1 
-6 8 = 4.17 X 10 and K2 = 4.86 X 10- (4), and the apparent formation con-
stant of the molybdenum(VI)-L-histidine methyl ester compl ex was calcu -
lated in the same way as described in section IV, and was found to be 
4 -2 4.17 X 10 at pH 5.50 for the total concentration of 2.00 X 10 M, 
and 4.87 X 10
4 
at pH 6.00 at total conc entration of 1.00 X 10- 2 M. 
The stability of molybdenum(VI)-L-histidine methyl ester complex 
is less than the complex of molybdenum(VI)-L - histidine. This is probably 
due to the fact that the methyl group prevents the carboxyl group from 
ionizing and thereby reduces the availability of the electrons of the 
amino group for bond formation with the metal ion. Since L-histidine 
methyl ester has only two possible chelating groups the structure of 












360 380 400 420 
1.00 X l0- 2M [Mo(VI~ + 1.00 X 10- 2M 
~ist. m.eJ 
1.00 X 10- 2M ~ist. methyl este~ 
440 460 480 
Wavelength (mu) 
500 
Figure 8. Optical rotatory dispersion curves of 1-histidine methyl ester and molybdenum(VI) - 1-
histidine methyl ester complex at pH 5.50. 
Length of tube 20.0 cm. 
Table 6. Effe ct of pH on the optical rotation of L-histidine methyl 
ester and L-histidine methyl ester-molybdenum(VI) complex. 
pH (()I.) Degrees of arc 
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L-histidine methyl Mo(VI)-L-histidine 































1.00 X 10- 2 M Mo(VI) + 1.00 X 10- 2 ML-histidine methyl ester solution. 
Length of tube 20.0 cm. 
Wavelength 350 mu. 
Table 7. Continuous variations method for molybdenum(VI)-1-histidine 


























Degrees of arc 
L-histidine Corrected CJ.. 











Total concentration of L-histidine methyl ester and molybdenum(VI) 
1.00 X 10- 2 M. 
Length of tube 20.0 cm. 




























4.0 5.0 6.0 
pH 
(1) 1. 00 X 10-~ f.Mo (VI}) + 
1.00 X lO=~M Ulist. m.eJ 
(2) 1.00 X 10 M (i-Iist. m.eJ 
(3) (= (1) - (2)) corrected 
curves. 
wavelength 350 mu. 
Length of tube 20.0 cm. 
7.0 8.0 9.0 
Figure 9. Effect of pH on the optical rotation of L-histidine methyl 





















Wavelength 350 mu 
Length of tube 20.0 cm. 
coordinate 
0.4 0.6 0.8 1.0 
Mole fraction of Mo(VI) 
Figure 10. Continuous variations plot of molybdenum(VI)-1-
histidine methyl ester complex at pH 6.00, 25.o 0 c. 
























Table 8. Continuous variations method for molybdenum(VI)-1-histidine 
methyl ester complex at pH 5.50. 
Mole fraction 
of Mo(VI) (<X) Degrees of arc 
Mo(VI)-1-histidine L-histidine Corrected CJ.. 
m. e. complex methyl ester for complex 
0.0 0.122 0.122 0.000 
0.1 0.355 0.110 0.245 
0.2 0.480 0.098 0.382 
0.3 0.592 0.086 0.506 
0.4 0.680 0.073 0.607 
0.5 0. 771 0.061 0.710 
0.6 0.742 0.049 0.693 
0.7 0.660 0.037 0.623 
0.8 0.483 0.025 0.458 
0.9 0.261 0 . 012 0.249 
Total concentration of L-histidine methyl ester and molybdenum(VI) 
2.00 X 10- 2 M. 
Length of tube 20.0 cm. 





































o.o"'-_ _. __ _...,. __ _._ _ ...__---'.__--'-__ _._ _ _,_ _ ..._ _ 
O. 0 0. 2 0. 4 0. 6 (. o 
Figure 11. 
Mole fraction of Mo(VI) 
Continuous variations plot of molybdenum(VI)-1-
histidine methyl ester complex at pH 5.50, 25.0°c. 
Total concentration of Mo(VI) and L-histidine methyl 
ester= 2.00 X 10- 2M. 
Wavelength 350 mu. Length of tube 20.0 cm. 
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Proton Nuclear Magnetic Resonance Studies of 
L-Hiis •tidine a:·nd Mo1yl:5denurri(VI)c:.L:..Histidine 
Complexes 
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In order to get more precise structure information, the high resolu-
tion p. m. r. technique was applied to the molybdenum(VI)-L-histidine com-
plex. 
I. Proton Magnetic Resonance Spectra of L-Histidine:--The p.m.r. spec-
trum of L-histidine in n2o solution at pH 0.93 is shown in Figure 12. 
The chemical shifts inc. p. s. are all referred to tetramethylsilane 
(TMS) used as external reference. In all experiments, the positions of 
the various proton resonance lines were measured with respect to their 
displacements to lower(-) fields relative to the position of the single 
proton resonance line of TMS. Since the protons attached to the nitro-
gen atoms exchange rapidly with D20, histidine proton resonances were 
observed only for the hydrogen atoms bonded to the carbon atoms designa-
ted C:2, C:4, r:J, and ~ in Figure 12. With the aid of nuclear spin-spin 
spilitting and the pH dependences of chemical shifts of each nonequi-
valent proton (shown in Figure 13), it was easy to assign them as indi-
cated in Figure 12. The pH dependence of the chemical shifts of the four 
types of hydrogen atoms of histidine in n
2
o solution are shown in Figure 
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pH on the chemical shifts of histidine p.m.r. spectrum. 
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tion of the resonance at pH 0.93. A very large pH dependence for the 
chemical shift of Hc:2 is observed only in the range 5.0--7.5, where the 
proton bonded to the i-nitrogen atom of the imidazole ring is released 
(pK2=6.10). A relatively small chemical shift of Hc: 4 also occurs in 
this pH range. This is due to the fact that histidine actually exists 
in two possible resonance forms and the releasing of the proton bonded 
to the 3-nitrogen atom of the imidazole ring makes a certain degree of 
contribution to the second acid dissociation and effects the C: 4 pro-
ton. The chemical shift for H!)( is pH dependent in the range 1.0--3.0 
and 8.3--10.0, and this is the result of the ionization of the -CO0H 
(pK1=1.77) and -N+H3 (pK3
=9.18) groups, respectively. The chemical 
shift of H ~ is seen to respond to a smaller degree to all of the pro-
ton ionizations, this means that the electronic environment of the pro-
tons attached to the adjacent carbon atoms of H~ is not much effected 
in the pH range studied. However, for H 
2
, H and HO(. 
c: c:4 
at pHs near 
the corresponding ionization of the protons of their adjacent carbon 
atoms, the electronic environments of these protons change very rapidly 
which cause large chemical shifts. 
II. Complex of Molybdenum(VI) With L-Histidine in D
2
0 Solution:--The 
p.m.r. spectra were obtained over the pH range 4.0--11.1 for 0.5 Mand 
1.0 M mixtures of molybdenum(VI)-L-histidine, 0.5 Mand 0.8 M of molyb-
denum(VI) plus 1.0 M of L-histidine and 0.3 M molybdenum(VI) plus 0.9 M 
of L-histidine. It was found that at pH below 4.8 and above 8.0, the 
p.m.r. spectra of L-histidine are not changed by addition of molybdenum 
(VI) . In the pH range 3-5, the chemical shift of Hf is nearly the 
same. Since molybdenum(VI) is a diamagnetic species it gives rise to 
only a small chemical shift of the protons when it forms a complex with 
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a ligand. If there is any complex formed in this pH range, the only 
possibility of chelation is the carboxylate group. The coordination of 
molybdenum(VI) to the carboxylate group of histidine will affect the 
chemical shift of the adjacent proton, HO(. , only. Unfortunately, the 
position of proton resonance of H~ is too close to the very strong 
H20 or HD0 band and gives poor resolution. At pH below 5.0, no good 
evidence of complex formation between molybdenum(VI) and histidine was 
obtained by p.m.r. study. At higher pH values (above 8.0) the principal 
molybdenum(VI) species in solution is Mo{which does not coordinate with 
L-histidine. 
The effect of pH on the chemical shifts of L-histidine and molyb-
denum(VI)-L-histidine complexes are shown in Figures 14 and 15. The 
solid lines (1) are histidine solutions and the lines with experimental 
points are solutions with molybdenum(VI) also present. The excess L-
histidine (3) has nearly the same chemical shifts of these four protons 
at corresponding pH values as the histidine solution and the peaks are 
still very sharp. However, in the presence of molybdenum(VI) the pH 
independent resonance peaks (2) of Hc:z• Hc: 4 and H~ were observed 
and the peaks were broadened. At pH 5.0 only a very small amount of 
complex resonance peak was observed, and the concentration of complex 
is increased as the pH of the solutions is increased. In the ratio of 
1 : 3 molybdenum(VI)=L-histidine mixture from pH 5.4 to 6.8 (Figure 16), 




and HN remain 
c: c: ~ 
the same in this pH range and the relative peak height of complex to 
the uncomplexed L-histidine protons are about in the ratio of 1: 2. 
This means in this pH range a quite complete 1 : 1 complex was formed. 




































4.50 5.00 5.50 6.00 6.50 7.00 
pH 
Figure 14. Effect of pH on the chemical shifts of p.m.r. spectrum 
of 1 : 1.33 mixture of molybdenum(VI)-1-histidine. 
0. 75M [.Mo(VI}) + 1.0M [L-HistJ 
(1) Histidine solution 
(2) Peaks for complex 
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Figure 15. Effect of pH on the chemical shifts of p.m.r. spectrum 
of 1 : 2 mixture of molybdenum(VI)-t-histidine 
O.SM [Mo(VI)J + l.OM [HistJ 
(1) Histidine solution 
(2) Peaks for complex 
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Figure 16. The p.m.r. spectra of 1 : 3 mixture of molybdenum(VI)-L-histidine 




decreases again. The probable interpretation of this phenomenon is that 
the solubility of histidine is lowest in the pH range 7.0-9.0 (isoelec-
2-
tric point pH 7.64), and part of molybdenum(VI) is in the form Mo04 
which can not coordinate with the ligand. 
Both of the chemical shifts of Hc:Z and Hc:
4 
of histidine increase 
very rapidly from pH 5.0 to 8 . 0, but the peaks for the complex are not 
affected by the change of pH. For the complex, Hc:Z and Hc:
4 
have about 
the same chemical shifts referred to the corresponding peaks position of 
L-histidine at pH 0.93. The chemical shift of Hd- for the complex is 
shifted to lower field and remains constant. From the above information, 
it is concluded that the structure of molybdenum(VI)-L-histidine complex 
in the pH range 5.4 to 7.5 is the same as predicted by th e polarimetric 
study. 
The coordination sites of L-histidine are amino and the 1 nitrogen atom 
of the imidazole ring. Once these two groups are bonded to the molyb-
denum(VI), all of the electronic environments of Hc:Z' Hc:
4 
and Ho<. are 
fixed; therefore, the chemical shifts of these three protons are not 
changed appreciably at different pH values. 
Below pH 5.00, the p.m.r. spectra of the mixture does not show any 
difference for Hc·.Z and H from the L-histidine solution. If there is 
c:4 
any complex formed below pH 5.00, a possible coordination site with molyb-
denum(VI) is the carboxyl group. This may be the reason why at pH 4.5 
50 
the molybdenum(VI)-L-histidine complex has an apparent ratio of 1 3 
or 1 : 4 as shown in Figure 7. 
Spectrophotometric Studies of Molybdenum 
(V)-L-Histidine Complex 
The ultra violet spectra of L-histidine, molybdenurn(V) and molyb-
denum(V)-L-histidine complex at pH 5.20 are shown in Figure 17. Molyb-
denum(V) in 2 N HCl solution has an absorption maximum near 298 mu which 
shifts to 305 mu in 0.1 M acetate buffer solution at pH 5.20. The 1: 1 
mixtur e o f L-histidine and molybdenum(V) solution has an absorption maxi-
mum at 295 mu. The optical density of the mixture solution is nearly the 
sa me as the molybdenum(V) solution over the entire wavelength range. 
The re fore, only qualitative studies could be made by this method. 
I. Kinetic Studies of Molybdenum(V):--Molybdenum(V) is very easily 
oxidized in weakly acidic and neutral solutions which contain oxygen . 
0 
The oxidation rate at 20.0 Cina suitable buffer solution which was 
saturated with oxygen is shown in Figure 18. At pH 7.10, molybdenum(V) 
was oxidized very rapidly, and the lower the pH of the solution the lower 
the oxidation rate. At pH 4.80 in 0.1 M acetate buffer solution the rate 
of oxidation is apparently 3/2 order in molybdenum(V). 
II. Kinetic Studies of Molybdenum(V)-L-Histidine Complex:--The oxidation 
rates of molybdenurn(V) in the _presence of different concentrations of L-
histidine at pH 4.85 and 20.0° Care shown in Figure 19. It was found 
that the oxidation rate is greatly reduced, suggesting a complex is formed . 
At pH 4.80 a series of different ratios of L-histidine to molybdenum~V) 
mixture solutions were studies at 13.0° C as shown in Figure 20. It was 
found that when the ratio of L-histidine to molybdenum(V) was 1 : 1, the 
51 
stability to oxidation of molybdenum(V) was not much affected by increas-
ing the L-histidine concentration. This suggested probably a 1 : 1 com-
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Figure 17. The spectra of L-histidine, molybdenum(V) and molybdenum 
(V)-1-histidine complex at pH 5.20. 
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Table 9 , Kinetic studies : 2.408 X 10- 4 M molybdenum(V) at 20.0° C. 
:eH 7 . 10 eH 6 . 20 :eH 4 . 60 :eH 3 "22 
Ti me Ti me Time Time 
min. Absorbancy min . Absorbancy min. Absorbancy min . Absorbancy 
1.53 0.390 L 75 0.468 l.60 U.513 1.70 0.507 
2.81 0.118 3. l5 0.384 2 . 80 0.471 3.15 0.503 
4.00 0.066 4 . 40 0.278 4 . 00 0.431 4.75 0.498 
5 .1 3 0.055 6.10 0.173 5 . 65 0.386 7.00 0.487 
6.15 0.051 7.53 0.11.9 7.05 0 . 3.54 10.30 0.476 
9.88 0.044 9.28 0.087 9.05 0.328 14.80 0.463 
12.40 0.040 10.8.5 0.072 ICJ.90 0.314 1. 9 .40 0. 453 
20.50 0.036 12.40 0.063 12.60 0.300 27.20 0.438 
24.95 0.035 18.10 ().050 i4.50 0.286 34.80 0.424 
36.70 0.033 25.40 0.042 1.8.00 0 . 271 4-2. 20 0.41 4 
46.80 0.032 33.00 0.036 21.50 0.261 51. 75 0.403 
59 .6 0 0.031 41.80 0.033 27 .5 0 0.249 62.60 0.391 
71. 20 0.030 .54.40 0.029 33.70 0 . 242 70.50 0.384 
67.90 0.026 4-2. 9(, 0.234 81.45 0.378 
53.10 0 . 227 91. 00 0 .371 
64 . 50 0.224 
78.50 0.220 
In 0.10 M phosphat e buffer solution. 
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Figure 18. The rates of oxidation of molybdenum(V) at different pH values. 
In 0.1 M phosphate buffer solution. 
Wavelength 295 mu. Cell length 1.000 cm. 
80 90 
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Table 10. Kinetic studies: 3.048 X 10- 4 M molybd~num(V) glus different 
concentrations of L-histidin e at pH 4.85, 20.0 C. 
1. EH 4 . 88 2. pH 4.83 3. EH 4 . 83 
Time Time Time 
minutes Absorbancy minutes Absorb an~ minutes Absorbancy 
1.50 0 •. 612. 1.40 0.665 1.50 0. 728 
2.50 0.530 2 • .5c, 0.587 2.50 0.682 
4.00 0.431 4.00 0.494 , 4.00 0.593 
6.00 0 . 340 5.90 0.413 6 . 00 0.513 
8.00 0.280 8.00 0.350 8.00 0.449 
10.00 0.230 10.25 0.302 10.00 0.405 
12.50 0.189 12 . .50 0.265 12.50 0.359 
15.00 0 .1 .58 Hi.00 0. 221 15.00 0.326 
18.25 0.125 21. 75 0.170 18.00 0.289 
22.00 0.098 24.00 0.1.54 23.00 0.245 
2.6.50 0.078 27.00 0.238 30.00 0.2 03 
31.00 0.062 30.25 0 .12 4 37.00 0.170 
36.00 0.048 35 . .50 0 .104 4Li.50 0.146 
42.00 0. 01+2 41.00 0,089 49.00 0.134 
47.55 0,075 54.25 0.122 
58.00 0.061 72.50 0.097 
4. pH 4.85 5. pH 4.86 
1.45 o. 774 I .40 0.835 
2.75 0. 712 2 , 50 0.812 
4.00 0.652 4.00 0.758 
6.00 0 . 572 6 . 00 0.692 
8 . 00 0.517 8.00 0.650 
10.00 0 . 470 10.00 0.611 
13.00 0.418 14.00 0.562 
16.00 0,381 19.00 0.503 
22.00 0 . 321 21 , 00 0 ,482 
25.00 0 . 301 24 . 00 0.453 
30.00 0 . 267 28,50 0 .431 
36 . 15 0 . 237 33 .0 0 0.405 
42 .50 0.218 38 . 00 0, 381 
49 . 10 0 . 198 43 . 00 0.362 
63.0(J 0.169 53.50 0.330 
72 .50 0.154 70.00 0.290 
79.00 0.146 123.25 0.230 
l. No histidine. 
2. 6.00 X 10-5 ML-histidine 
3. 1.20 X 10- 4 ML-histidine 
4. 1.80 X 10- 4 ML-histidine 
5. 3.00 X 10- 4 ML-histidine 
In 0.10 M acetate buffer solution. 




0 30 40 so 60 70 
Time (minutes) 
Figure 19. The rates of oxidation of molybdenum (V) in the presence of different concentra-
~ions of L-histidin e ~t pH 4.85, 20.0°c. _
5 ~o(v)] = 3.048 X 10 4 , Concentration of histidine f,l) none (2) 6.0 X 10 M, 
(3) 1.20 X 10-4M, (4) 1.80 X 10- 4M and (5) 3.0 X 10-~; in 0.1 M acetate buffer. 
80 
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Table 11. Kinetic studies: 3 . 045 X 10- 4 M molybdenum(V) plus different 
concentrations of L-histidin e at pH 4.80, 13 .0° C. 
1. pH 4 . 80 2 , pH 4.80 3. pH 4.78 
Time Time Time 
minutes Absorbancy minute s Absorbancy minutes Absorbancy 
1. 60 0 .672 1.40 0 . 723 1. 60 o. 728 
2.50 0.627 2.75 0.672 2.50 0. 714 
4.00 0 .55 8 4.00 0 . 615 4.00 0.650 
6.00 0.490 6.00 0.545 6 . 00 0.596 
8 . 00 0.438 8. 10 0.490 8 . 10 0.535 
10.00 0.395 10.00 0.453 12.70 0 . 488 
12.50 0 .353 12.55 0.410 13.80 0.465 
15.00 0 . 319 15.00 0.379 15.50 0.444 
18.00 0.287 18.00 0.346 16 . 90 0.425 
22.00 0.250 23.2 5 0.302 18.60 0.408 
26.00 0 . 220 30. OB 0.265 24 . 24 0.367 
30.50 0.190 35.00 0.231 33.00 0.302 
35.00 0.162 39.00 o. 211 37.30 0.282 
40.00 0.147 44.00 0.188 42.00 0.260 
46.55 0.124 49.00 0.174 60.00 0.199 
53.00 0.105 57.00 0.147 87.75 0.135 
64.00 0.083 70.00 0.123 
4. pH 4.78 5 . pH 4.80 6. pH 4.80 
1. 75 0.739 2.30 0. 736 1.50 0.820 
3 .00 o. 710 3.75 0.709 2.50 0.820 
5.00 0.652 5.75 0.661 4.00 0.794 
7.00 0.605 8.00 0.619 6.00 0.751 
9.10 0.570 10.00 0.591 8.00 0.713 
12.05 0.524 12.60 0.565 10.00 0.683 
15.00 0.490 14.00 0.543 13.00 0.645 
18.00 0.459 16.75 0.511 16.00 0.619 
22.50 0.419 23.75 0.460 20.00 0.589 
27.00 0. 386 26.90 0.442 25.00 0.556 
33.00 0.350 30 .00 0.427 32.50 0.513 
40 . 50 0.314 37.40 0.392 40.00 0.478 
46 . 15 0 . 290 46.75 0.356 47 .60 0.448 
52 . 00 0 . 267 57.50 0.327 55.00 0.426 
60 . 25 0 .2 42 68.50 0.304 62.00 0.405 
70.00 0.219 77 . 11 0 .2 80 70.00 0.386 
80 . 50 0 .1 96 87 . 75 0 .267 96 . 00 0.339 
1. Without 1-histidine 
2. 6 . 00 X 10-5 M 1-histidine 
3. 1.20 X 10- 4 M 1-histidine 
4. 1.80 X 10=~ M 1-histidine 
5. 2.40 X 10~~ M 1-histidine 
6. 3.00 X 10 M 1-histidine 
In 0.10 M acetate buffer solution. 
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Figure 20. The rates of oxidation of molybdenum(V) in the presence of different concentra-
tions of L-histidine at pH 4.80, 13.o 0 c. 






The object of this study was the investigation of the complexes of 
L-histidine and histidine derivatives with molybdenum(VI) and molybdenum 
(V). 
The pblarimetric studies of molybd enu m(VI) show that: 
(1) Molybdenum(VI) forms stable complexes with L-histidine and L-
histidine methyl ester in th e pH range 5.0 to 7.0, but doe s not 
complex with L-alanine or N-acetyl-1-histidine. 
(2) The physical properties of the L~histidine methyl ester-mo lyb-
denum (VI) complex are very close to those of the L-histidine-
molybdenum(VI) complex; this suggests that these two complexes 
probably have simila r structures. 
(3) L-Histidine acts as a bidentate rather than a tridentate ligand, 
and the chelating groups are the uncharged amino group and the 
1 nitrogen of the imidazole ring. 
(4) The molar ratios of L-histidine to molybdenum(VI) in complexes 
are 2 : 1 at pH 5.00 and 1 : 1 at pH 6.00 to 7.00; however, 
only a 1 : 1 complex was found for L-histidine methyl es ter-
molybdenum(VI) complex in the pH range 5.00 to 7.00. 
(5) The apparent formation constants calculated for L-histidine-
7 molybdenum(VI) 2 : 1 complex at pH 5.00 are 5.74 X 10 and 
7 -2 4.67 X 10 , for total concentrations of 1.00 X 10 Mand 2.00 
X 10-
2 
M respectively. For the 1 : 1 complex at pH 6.00, the 
apparent formation constants at total conce ntrations of 1.00 
X 10-
2 
Mand 2.00 X 10- 2 Mare 8.04 X 105 and 6.43 X 105 
' 
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respectively. The apparent formation constants of L-histi-
dine methyl ester-molybdenum(VI) complex at total concentra-
tions of 1.00 X 10- 2 Mand 2.00 X 10- 2 M were found to be 4.87 
4 4 
X 10 and 4.17 X 10, respectively. 
From the proton magnetic resonance studies, it was concluded that in 
the pH range 5.5 to 7.0 and in the concentration range of 0.3 M to 1.0 M 
of molybdenum(VI) and L-histidine, a stable 1 : 1 complex was formed. 
The chemical shifts of four kinds of protons of the complex at different 
pH values shoW' the binqing sites of L-histidine are the same as predicted 
by polarimetric studies. 
The kinetic studies show that a fairly stable 1 : 1 complex was 
formed between molybdenum(V) and L-histidine, but a quantitative study 
of the interaction of molybdenum(V) with L- histidine and its derivatives 
could not be made by the methods available. 
60 
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